The paper presents the risk assessment methodology for the critical group members (infants and adults) as a result of the radioactive effluents releasing, during VVR-S nuclear research reactor decommissioning process. The derived emission limits of the effluents were established using the transport model in the environment in order to comply with dose constraints assigned by the regulatory body for public members. Doses were estimated taking into account the age, weight, metabolism and nutrition habits of an individual, based on the dose constraint of 50 μSv/year. The gaseous effluents activities were much lower than the liquids effluents activities. Consequently, for dose calculation a dose constraint of 10 μSv/year were assigned for gaseous and 40 μSv/year for liquid. Doses received are consistent with the dose constraint for gaseous effluents. On the contrary, the dose received are non-consistent for liquid effluents. For both cases the most restrictive dose values were for the adults.
Introduction
Dose assessment for critical group members located in the vicinity of the VVR-S Nuclear Research Reactor is dictated by the decommissioning progress and by necessity to demonstrate that this practice is not a threat for public and environment. The reactor was operated between 1957 and 1997 at a nominal thermal power of 2 MW and generated 9.59 GWd thermal energy. The maximum neutron flux rate was 2 × 10 13 n/cm 2 s [1] . The facility was designed for radioisotope production used in medical and industrial application and for research purpose [1] . The reactor was permanently shut-down in 2002 and starting with 2010 is in the decommissioning process. A detailed description of the decommissioning phases is done in paper [2] . The gaseous radioactive effluents were generated during the cutting process of the metallic structures and in demolition of the concrete structures (see Fig. 1 ) and released both in the reactor technological spaces and atmosphere (by reactor chimney, 40 m height). The liquid effluents resulted from pools for spent nuclear fuel storage (SNFS) emptying (see Fig. 2 ), cutting of the metallic components, demolishing of the concrete structures as well as from the decontamination activities. The gaseous and liquid effluents could be discharged in the environmental in accordance with dose constraint imposed by the regulatory body for decommissioning practice. The assessment of the radiological risks for critical group members is mandatory and consists in dose and derived emission limits (DELs) calculation. In order to take preventive measures to avoid the public exposure DELs are compared with the effective radioactive discharges (the radioactive inventory). The first assessment of the DELs was done by Tuca et al. [2] based on the radioactive inventory of the gaseous effluents released in 2014 and liquid effluents generated until then. The present assessment it is taking into consideration the radioactive inventory of the gaseous effluents released in 2013, 2015 and 2016 as well as the liquids inventory reassessed according to the decommissioning progress, published by Tuca et al. [3] . The aims of the paper is the estimation of the radiological impact on the public due to the radioactive effluents release in the environmental media due to reactor decommissioning.
Methodology for derived emission limits and dose calculation
In order to comply with dose limits for public members or dose constraints imposed by the regulatory body for the decommissioning practice [2, 4] , IFIN-HH established the derived emission limits (DELs) (the maximum admissible value for the activity concentration of the radionuclide for the effluents released in the environment). DELs were assessed using the transport model in the environment [2, 5] (see Fig. 3 ) based on the compartments concept.
For this purpose, the exposure pathways (air and water from Ciorogarla river) and the "critical group" members the infants (0-1 year) and the adults which are living in the populated area of the city of Magurele, at about 1 km from the irradiation source (reactor). Children and teenagers were assimilated to the infants. It assumed that the critical group members receive the highest doses during the decommissioning process and the fruits, the vegetables and the animal products are obtained in the own households [2] . According to the provisions for limiting releases of radioactive effluents into the environment [6] in force, the DEL ( Q * ik ) for a given radionuclide and critical group should be compliant with Eq. (1) [2] .
where Q * ik annual derived emission limit for the radionuclide i released on the exhaust path k, f ik maximum annual effective dose for the critical group member, E constr . (50 µSv/year) annual effective dose constraint for critical group members due to the decommissioning practice, Γ the safety factor which taking into account the model uncertainties, used to calculate doses.
The amount of activity in section jth, X j (Bq/s) is calculated using Eq. (2) [2] :
where X i (Bq/s) activity in the section ith, P ij transfer parameter of activity from compartment ith to jth, P ij X i the amount of activity transferred under steady-state conditions from ith to jth.
DELs (Bq/year) for the radionuclide components are separately calculated for infants and adults according Eq. (3) based on the annual doses received and considering the most conservative value as representative [2] . DELs values are compared with the radioactive discharges (the radioactive inventory) in order to establish whether the radioactive effluents could affect the environmental media. The dose resulted from a certain release rate must be less than the calculated dose based on the assumptions: the transfer parameters are generally conservative values; the ingested or inhaled radionuclides are found in the most restrictive chemical form as well as the food consumed by the critical group members is obtained near the site [2] .
, the transfer factor connecting source release rate X 9 (Sv year −1 ) from the compartment 0 (atmosphere or water) with X 9 (Sv year −1 ), the dose rate received by an individual in compartment 9, the same as those from Eq. (1), t the number of seconds of a year (3.1536E+07 s/year), E constr.,ik (Sv year −1 ) dose constraint for ith radionuclide and kth exhaust pathways calculated according Eq. (4) [2]: For gaseous and liquid effluents, the transfer parameters were calculated according to Eq. (5) respective Eq. (6), based on the effective dose coefficients for radionuclides ingestion or inhalation [7] . The meaning of the all parameters is described in details in paper [2] .
Radioactive inventory of the effluents
The radioactive inventory of the gaseous effluents released during reactor decommissioning (2013-2016) was monitored using systems described in details in paper [2] . The activity of the aerosols retained on the glass fibre filters was measured using the gamma ray spectrometry method according to the procedure [8] . The effluents were monitored for normal, abnormal and emergency situations, considering the specific characteristics of radiation emission sources, radionuclide composition of effluents, the exposure pathways (5) f ik = X 9 X 0 = P 01 (P e19 + P i19 + P 13 P 19 + P 14 P 49 + P 15 P 59 + P 13 P 34 P 49 + P 14 P 45 P 59 + P 13 P 34 P 45 P 59 )
(6) f ik = X 9 X 0 = P 02 (P e29 + P i29 + P 28 P 89 + P 25 P 59 + P 24 P 49 + P 23 P 39 + P 24 P 45 P 59 + P 23 P 34 P 49 + P 23 P 34 P 45 P 59 ) and potential radiation dose level for public [9] . The annual activities of the radionuclides (see Table 1 ) were obtained by summing of the monthly releases. In 2013 and 2016 the inventory of gaseous effluents was not significant due to the low degree of contamination and activation of dismantled structures or components. The most significant inventory was in 2014 and 2015 when were dismantled the most activated parts of the reactor block (grid for fuel assemblies, the control rods); the primary circuit components (heat exchangers and connecting pipes); de-aerator; reactor horizontal channels, the cooling pond metallic coating. In that period was demolished the reactor concrete shielding and there were removed the radioactive wastes from the hot cells. The most abundant radionuclide in the inventory was 60 Co. The radioactive liquids resulted from reactor decommissioning [3] , temporary stored after generation into an underground buffer tank as well as the liquids from the SNFS ponds were analysed using gamma ray spectrometry method. The liquid activities (see Table 1 ) were compared with the derived Fig. 3 Environmental transport model [2] emission limits in order to be free released or treated as Radioactive Waste. The total activity of a source (pond) was obtained by summing of all constituent radionuclide's activity corresponding to the liquid volume and is a product between activity concentration (Bq/l) and the effluent volume of each pond. In order to estimate the 90 Sr content of the effluents, gross beta measurements were performed for the sludge sampled from the Spent Nuclear Fuel Storage ponds and buffer tank [3, 10] .
As against the assessment presented in paper [2] a significant increase in activity concentration (3.5 times for 60 Co, 1.2 times for 134 Cs and 3.4 times for 137 Cs) also the 54 Mn and 241 Am presence (see Table 1 ) can be noticed. The inventory is both quantitative and qualitative modified by addition 90 Sr and 108m Ag, 152 Eu and 154 Eu detected in sludge [3] . Consequently, there were re-assessed of DELs for liquid effluents as well as the dose for critical group members according with the new inventory.
Results and discussion
As a result of the decommissioning activities performed in 2013 were released in the environmental media only gaseous effluents. Consequently, the dose constraint of 50 μSv/year for critical group members was entirely allocated for those. In 2014, 2015 and 2016 both types of the effluents were released. The relative contribution is: 20% for gaseous (10 μSv/year) and 80% for liquid (40 μSv/ year). The ratio of 20/80 is due to the fact that the gaseous effluents are not entirely retained on the filters [2] . In the case of gaseous effluents, the most restrictive adult dose resulted from 108m Ag and 152 Eu and for the infants from 134 Cs (see Table 2 ). The newly detected radionuclides such as 7 Be, 208 Tl and 212 Pb didn't had a significant contribution in the total dose. Regarding the liquid effluents, the dose was significant for the adults due to 235 U and 238 U presence as well as for the infants due to 235 U and 137 Cs (see Table 3 ). Besides previously assessment [2] it can be noticed also the contribution of 54 Mn and 241 Am in the total dose for critical group members. For the same dose constraint and radionuclide DELs for the infants differ from the adults [2] . The derived emission limits assigned to the critical group members were established taking into considering the most conservative values as representative (see Tables 2 and 3 ). DELs for gaseous effluents are much higher than the released activities (see Fig. 4 ). The less restrictive values were in 2013, due to the lowest inventory. The most restrictive values were in 2014 when was cut the most activated component of the reactor block (grid for fuel assemblies). The reassessed DELs for the liquids are more restrictive as comparing with those published in paper [2] for 60 Co, 134 Cs, 137 Cs, 108m Ag, and 238 U radionuclides. The most restrictive value is for 134 Cs detected in the liquid from SNFS pond no. 4, in 2016 (see Table 3 ). Furthermore, the newly detected radionuclides in sludge ( 90 Sr, 152 Eu, 154 Eu and 241 Am), has a significant contribution in the inventory and associated restrictive DELs values (see Tables 1 and 3 ). In 2014 and 2016 DELs for the liquids were more restrictive than the activities (see Fig. 5 ). The members could be affected in the case of an accidental liquid effluents releasing. On 
Conclusions
The reassessment of the Derived Emission Limits and dose for critical group members was performed base on the fact that the decommissioning progress generated a significant inventory for the liquid effluents. The dose constraint of 
DEL [Bq/year]
40 µSv/year for critical group members is not fulfilled. Thus, the effluents cannot be released into the environment and requires treatment as radioactive waste. In the case of gaseous effluents, the dose constraint of 50 µSv/ year for 2013 respective 10 µSv/year for 2014, 2015 and 2016 is fulfilled. It can be concluded that the critical group members are not radiologically affected during reactor decommissioning by the gaseous effluents releasing into the atmosphere as well as by the liquids effluents which are managed in a controlled manner.
